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In the Cane Sugar Indiisli^, as in many other industries, control and 
disposal of wastes is of major concern. There are two important reasons for 
increased attention to these problems: First, the greatest possible recovery, 
use, and reduction of wastes is necessary for most economical production in 
small as well as in large plants. Second, protecting the Nation’s limited wa- 
ter resources for maximum use is essential to our liealth and continued 
economic growth. Stream pollution control is mutually beneficial to indus- 
tiy, the individual citizen, and the Nation as a whole. Thus, wastes which 
cannot be eliminated must be disposed of in a manner which will not impair 
the usefulness of stream watere for other beneficial purposes. 

This “Industrial Waste Guide to the Cane Sugar Industry” is intended 
primarily to assist the operators and managers of cane sugar factories to 
utilize, reduce, and otherwise suitably dispose of waste waters. It will be 
useful in informing consultants and personnel of regulatory agencies of the 
source and characteristics of process wastes and current practices for their 
treatment and disposal in controlling water pollution. The guide was pre- 
pared for the Cane Sugar Industry by Arthur G. Keller, Professor of Chemi- 
cal Engineering, Louisiana Stale University, serving as a representative of the 
American Sugar Cane League on the National Technical Task Committee on 
Industrial Wastes. It was submitted for publication to the Public Health 
Service through the Task Committee. 

The National Technical Task Committee on Industrial Wastes is com- 
posed of representatives from the Nation’s leading industries concerned with 
solving difficult industrial waste problems. The objective of the organization 
is to perform technical tasks pei'laining to industrial wastes in cooperation 
with the Public Health Seiwice and all others concerned with improving llie 
quality of our water resources. Tlie preparation of this guide was one of 
the tasks assumed by the Cane Sugar Industry in carrying out this objective. 

This is the sixth of a series of Industrial Waste Guides prepared by the 
National Technical Task Committee in cooperation with the Public Plealth 
Seiwice. 
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Introtluction 


The Cane Sugar Industry is characterized by a rela- 
tively large number of plants located in predominantly 
rural areas. With the rapid industrijilization of many 
of these areas and the increased interest in public water 
bodies, the industry in many ai'eas has given study to 
its operations with a view to minimizing the pollutional 
load from its plants. 

Published information on the water usage of cane 
sugar factories and on their waste loads is rather lim- 
ited and concerned mainly with conditions in Louisiana 


wlicrc pollution from this source has long been a proh' 
lem. The Stream Control Commission of Louisiana al 
Baton Rouge has an excellent collection of data on the 
variations in waste loads. The publications listed ir 
the bibliography also provide useful information. 

This guide summarizes available information on the 
nature, types, and amounts of wastes produced by the 
industry, and the metliods which have been developed 
and used to overcome or minimize the harmful effects 
of waste eflluenls, 


Magnitude of the Pi'oblem 


Cane sugar is produced in the continental United 
States in Louisiana and Florida. The industry iii 
Louisiana is located in 20 of the south central parishes 
(counties) of the State, in a flat area which is traversed 
by a large number of relatively slow-moving streams 
or bayous. There are 48 operating factories in the 
area. Operations are seasonal and normally extend 
from October 15 through January 1. In Florida, the 
production of sugar is concentrated in the area of the 
Everglades to the north and west of Miami. There are 
two large factories in this area. A llnrd factory is lo- 
cated some 150 miles north of Miami in an area which 
is somewhat similar to the Glades, but with a more 
sandy type subsoil, The three Florida factories pro- 
duce about one-fourth of the total production of cane 
sugar in the continental United States. 

In Puerto Rico there are concentrated some 30 sugar 
factories which produce about 1 million Ions of sugar 
each year. In view of the relatively small size of the 
island, about 3,500 square miles, the factory density is 
relatively high. A similar situation prevails in the 
other major domestic sugar-producing area, Hawaii. 

There are about the same number of sugar factories 
in Hawaii as in Puerto Rico. Factories are scattered 
over four of the principal islands and are producing 


roughly 1 million tons of sugar a year, In this area, 
unlike the other areas mentioned, production is con- 
tinuous throughout the year. 

Cane sugar is jjroduced throughout the world, gen- 
erally in a belt extending from about 30° north of the 
Equator to an equal distance south of the Equator. 
World production of cane sugar is about 27 million 
metric to 2 is annually. This production is reported from 
a lolnl of some 5C countries. 

A complete listing of all the sugar factories in the 
world has never been compiled, hut from a number of 
estimates wliich have been prepared it would appear 
that there arc some 3,000 factories producing centrif- 
ugal or crystalline type sugar, plus an equal number 
which are producing sugar concrete. Factories vary 
widely in size and efficiency. 

In some areas of the Far East, for example, factories 
producing sugar concrete may process as little as one 
ton of sugar cane per day and a total of not over 100 
tons of sugar cane per year. From this we go to the 
other extreme where factories in the West Indies and 
Mexico process as much as 20,000 tons of sugar cane 
per day and 2 to 3 million tons of sugar cane per year; 
The average factory of economic size in the Western 
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Iiciiiisj)lierf' has a raj)acity nf ahoiif 2,000 tons of cane 
por (lay and 25.000 tons of sugar per season. 

On a Worldwide l)asi.s, the sugar obtained from a 
ton of rane averages about 10 jjcroent by weight of the 
ratio. Yields (luettiale from a miiiinnun of 6 percent 
in tlic poorest areas with the least efficient mills to as 
much as 15 percent in certain areas ^vhieh have very 
efficient mills in combination with excellent cane. 

Ivvei) sugar facloi y uses large amoimts of water in 
connectioti with its operations. The washings from 
tlioso factories contain coirsiderahle amounts of sugars 
which have a very high B.O.I). value. Under normal 


conditions alioul to d. |,nrcen| by weight of the eane i 
discharged from the ,.roe,>ss in the form of a filler eake 
which may, .imler eerlain eomliUnn., h, , 
hazard. In the more primilive type factory, eonsidera- 
hle amounts of sugar-hearing malerials are diseharemd 
In local walereoui-.ses and .serious pollmioi, fre.n.emly 
results from sue], action. The pollution load from 
.sugar factories has been eonsidm-ahly increased in re 
cent years as a result of the meelmnizallon of cane 
harve.ming operations iu many of the domestic sugar 

produeing areas and in some other areas, uolahlv 
Aiislrnlin. ■' 


Description of Process 

of euno from whiel, limited amoimls of .sugar-hearing 
juices exude, Ilceaiise of tim shortage of labor in many 
of the dome.slle areas, [his nielhod of harvesting cane 
has I, ceil ahtmdoued in favor of Jiieelmujeal harvesting 
-iiid loading moehtue.s as shown in I'igures I and 2. 

In the meeiianiea! harvesting operation as practiced 
in Louisiana, nuiehines enter the field of cane, cut it 
free from the ground with revolving knives and remove 
he lop with another revolving hUuh. In iJm jjroccss 
'he cane is held in chains wliieli .arc provided with 
slicker l,nr.s to keep the material from falling free 
w len cut. Such eane is usnally danmgod at several 
P‘>n.ls Imeaiiso of ilm action of the .slicker bars and the 
ineehamcal handling in the liarvesling ojieraiion. Tlie 



I be raw material for the .sugar-manufacturing op- 
eration is sugar cane, Since many of the waste dis- 
posal problems arise because of the condition of the 
cane doIi\ered to the factories, it will be well to men- 
tioti briefly something about this raw material. 

The sugar cane ordinarily averages about 15 percent 
by weight of fiber and about 85 percent by weight of 
'vater and soluble solids, The cane, as grown, h a type 
of giant grass and is a perennial. For many years it 
WHS the to Itarvost the suga, c„„e I'.y .....ling 

the stalk free from the soil with a knife or machete, 
stiipping off the adhering leaves, and removing tl,c 
topmost joints which contain little or no sugar. In 
this operation there remain two cut ends on each stalk 





Figure 2. — Loiuliiig eaiie for 
tranAportalion lo sugar fiietory. 
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luirvesled catie is sulisequontly l)urned lo remove ad- 
herent Irasli and is rnecluinienlly loa<le(l inlo earls or 
wagons for transfei- lo the sugar factory. 

Ihe amount of trash included in cane deliveiies 
varies widely. I' or cane which lias been manually har- 
vested and loaded the ainouiil of extraneous material 
does not ordinarily exceed 5 ijenienl. With mechaniiud 
harvesting tlie total extraneous material may vary from 
a minimum of 5 percent lo a maximum of 50 percent 
of the weight of the cane delivered, in Louisiana the 
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Figure 3. — Cane is nieehantenlly removed from vcliiclcs 
on arrival at the sugar factory. 
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Figure 4. — Cleaning cane is fir.sl step in proces.siiig, with 
Ihe use of large amounts of fresh ivaler. j 
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TliP Pi 'OCPHH 


Upon receipt at the sugar factory llie cane is 
wciglied and is either sent clirectlv to tl>e process or 
stored for short |jeriods of time either in the original 
veliicle in wliich it was received or in piles in the yard 
area of the sugar factory. The cane is usually handled 
with large derricks equipped with mechanical grabs 
or it may he handled in chain .slitigs. I See Figure 3.1 
In either case, eonsiderahle damage to the stalks of 
cane results from the mechanical handling operation. 

Where the major portion of the cane delivered to a 
factory has heen manually harvested and loaded, the 
cane goes directly from tlie unloading or storage area 
to the milling plant. Where mechanical harvesting is 
practiced, the majority of the factories have installed 
cane laundries or cleaning plants in an attempt to re- 
move at least a portion of the extraneous material. 
Tliese cleaning plants vary from a simple spray ar- 
rangement over the conveyor moving the cane into the 
factory, such as .shown in Figure -I, representing an 
investment of about 85,000, to clal)orate Inmulries rep- 
resenting an investment of approximately SI million, 
such as are found in a niiniber of factories in Hawaii. 

In these laundries the cane Is spread out in as thin 
a layer as the physical arrangement of the conveying 
equipment will permit and is washed with large vol- 
umes of water. The water which lias been used for 
condensing vapors in the barometric condensers is 


frequently employed for washing cane. This is in the 
interest of economy in use of water md also to take 
advantage of the heal present in the waste water from 
the condensers. The total amounts used vary from 
one-balf million to as much as 4 million gallons per 21- 
hour day, depending upon the size of the factory, the 
availability of water, and particularly, tlie means avail- 
able for the disjjosal of the ^v’ater after the wasliing 
operation. 

After the washing operation the cane is passed 
through preparatory equipment to reduce its bulk vol- 
ume and subsequently through a .series of three roller 
mills where it is subjected to a crushing and grinding 
operation to remove as great a ])crcenlage of tlie su- 
crose present as is economically possible. (.See Figures 
5 and 0. > To aid in the operation, ihe paitially 
crushed cane is welted with water in the latter stages 
of the crushing operation. This ojjeralioii is known 
as maceration. Juices squeezed out by the last mills in 
the train are recycled and u.sed to wet cane in the early 
stages of the crushing operation to obtain more effec- 
tive use of the water which has been njrpliecl. The 
extracted juices are screened to remove coarse particles 
of cane or hagas.se and are then sent to process. 

The material removed by screening is returned to 
the milling plant. The residue from the milling opera- 
tion, which is the filrrous portion of the cane, is called ■ 
bagasse. Ihis will normally amount to about 30 per- 
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Figure 5, — CIcuned eiuie is re- 
duced in bulk by knifing as it is 
conveyed to tlie milling process. 




cent by weight of the cane entering the operation. It 
averages about 48 percent moisture and is employed 
in the great majority of factories ns a low-grade fuel. 

The bagasse from the milling operation goes to the 
boiler plant where it is used to generate steam required 
in the operation of the factory. Under normal condi- 
tions, a well-designed factory can be operated on the 
steam produced from the bagasse resulting from the 
milling operation. The boiler plant operates on fresh 
water at the beginning of the grinding operations but, 
subsequently, is able to make use of the condensate 
from the processing operation in place of fresh water. 
In most plants the amount of condensate produced by 
the evaporation of the cane juice and the condensation 
of steam from all engines, turbines, and other such 
prime movers is normally more than sufTicienl to supply 
boiler needs. The excess condensate is used at various 
places in the process. Any condensate over and above 
boiler needs is discarded. 

Steam generated by the boilers is used to operate the 
milling plant and the turbogenerator units which fur- 
nish electricity to operate the balance of the factory. 
The exhaust from the prime movers is used as the 
process steam in the operation. Any deficiency in ex- 
haust steam is made up by an automatic pressure-reg- 
ulating valve which communicates tlie live steam and 
exhaust steam mains of the plant. 

The dilute juice extracted by the milling operation 
is sent to process. Here, after weighing or measuring, 


it is treated with a slurry of calcium hydroxide to raise 
the pH value of the cold juice to about 8-8.5. Fol- 
lowing this operation it is passed through heat ex- 
changers where the temperature is raised to about 215° 
F. The heated juice is passed to a continuous sedi- 
mentation unit where it is separated into two portions. 
The clarified or clear juice continues in process, while 
the underflow or “muds” is sent to a rotary vacuum 
filter. The filler cake from this o])eration is discarded, 
and the filtrate is recycled to the entering dilute juice 
stream. The filter cake from the factory may be re- 
moved in the dry form or it may be slurried and 
pumped to detention pits. Under certain conditions it 
can be a potent source of pollution. 

The clarified juice is sent to multiple-effect evapora- 
tors where it is concentrated from about 16 percent 
solids to about 65 percent solids. These units are op- 
erated on exhaust steam. The vapors from the last 
vessel are condensed, using a barometrie-type con- 
denser. The water from this condenser is used for the 
cane-washing operation. The other condensate from 
the evaporators is collected and sent to a storage tank 
from which it is drawn for boiler feed water, macera- 
tion water, and for use in the dilution of molasses in the 
pan-hoiling operation. The resulting syrup from the 
evaporators goes to storage tanks for crystallization. 

The syrup is crystallized in single-effect evaporators, 
(jailed vn(;uum pans, to obtain crystalline sugar and a 
partially exhausted mother liquor, known as molasses. 



imi'f )ir‘ K'liitilcd a irdal of lliree limes to coni- 
I'lt'l. Iy rxhaii.'t it' avaiiahio surrose coiilent. 

Tiio variimti pans pi cidin o iarpp; volumes of vapors at 
'iilfalitiii-pliriic pn-ri^iiii'. Ilie^e vapors are removed 
!iy ( ftiidt'ii-alioij in liaroMiftric-tvpc croitdensers. TJic 
u'arin fniideii'Tia' ualtrr fiuin this operation is used for 
'vasiiiny' I'ane; is lecyvletl to a eooling pond: or is dis* 
'artlfd. 'I'lic vacuum pans are operated on exhaust 
steam c.r vapors fioiii the tmjlli{)le-effeet eva])oralor. 
Ihe cniidensed steam furnishes water for process pur* 
[iMM.'s or hidicr feed iisi?, This is norniallv collected in 
the cuiulensate tank. 

lo assist in the exhaustion of lire sucrose content of 
the molasses, paitieidaily for the last hoiliiig. the 
( l ystalliiie mass, jilus its mother liquor, is sent to agi- 
tated storage tanks called crystallizers. Here the ma- 
terial is cooletl wliile in motion wlvieh aids in the 
deposition of additional sucrose on the surface of the 
existing crystals. lo acc elerate the exhaustion of the 
material, these units are ]novided witli cooling coils 
iliiough which water is circulated. The warm water 
from this operation is ordinarily sent to waste along 
\v itli tile warm water from tlte condensers which in- 
clude. in addition to tho.se menlinnod. the condenser 
used in conjunction with the rotary vacuum filler. 


One of the last steps in the operation is the separa- 
tion of the sugar crystals from their adherent mother 
liquor ii] centrifuge.s. (See Figure 7.) In the opera- 
tion of these units, water may or may not I>e used foi’ 
cooling clutches and brakes on the equipment. In the 
case of some sugar-molasses masses, or massecuites, 
limited„amounts of water are required for wasJiiiig the 
sugar in the centrifuge to remove the adlierent inulnsse.s 
film. Water usage at this station is relativel)'^ minoi' 
and for that rea.son is not shown on llie schematic flow 
diagram. 

The flow diagram, Figure 8, has been prepared to 
show the flow of fresh and contaminated water in the 
process and to indicate the points at which p()lhilional 
materials may originate. The sources of j)ollulion 
from cane sugar factory operations in relative order of 
importance are as follows: (1) Waste from the cane 
washing operation; (2) floor washings; (3) soda and 
acid wastes which result from the periodic cleaning of 
heat e.Kchange equipjneiU; (T) blowdown from llie 
boilers; (5) excess condensate; and (6) condenser 
cooling water. 

I he relative volumes, character, and other pro})- 
ertles of these various streams are discussed in the 
following section. 




Figure 7. — CcnlrifugiiiB: sugar 
from cryalulliiie iiniss pi-odticcil 
hy coneentrntlou of syrup and 
inofnsscs. 


A SIMPLIFIED FLOW DIAGRAM FOR RAW 
CANE SUGAR MANUFACTURE 
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CANE SUPPLY 


CANE tWSHINQ PLANT 


CANE 

MILLING 

PLANT 


_CA(0H)2 



WARM CONDENSATE 
COOLING WATER 


CRYSTALLIZERS 


CENTRIFUGES 


RAW WATER SUPPLY 


TO IMPOUNDING BASIN OR OTHER DISPOSAL 


FLNAL MOLASSES TO 
STORAGE 


I COMMERCIAL S^UG AR 
TO STORAGE 


Figure tl. — A simplUied flow diagram for raw cane sugar numufaclurc. 
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Volume and Character of Wastes 


The volume and character of wastes arising from the 
operation of a raw sugar cane factory are quite vari- 
able (lej)ending upon local conditions. For example, 
W’liere ground water is available or where adequate 
supplies of water from a local stream are convenient, 
factories frequently use water from these sources in 
their condensers and discharge it after use either to 
the stream from which it was drawn or to some other 
watercourse. Where water is not readily available, 
factories have recirculated it through cooling towers 
or spray ponds. In such cases the total water require- 
ments for the plants are considerably reduced as is also 
the amount of water discharged from the operation. 

Where possible, factories prefer to discharge the 
cake from their rotary vacuum filters in slurry form to 
a lagoon or other area because of convenience in han- 
dling. Usually at some later dale, after the lagoon has 
drained and the material has been stabilized biolog- 
ically, the partially dried material is removed for use 
as fertilizer. Where a suitable impounding area is not 
available, or if odors arising from such impounding 
areas are intolerable to nearby populations, factories 
need to remove the filter cake from their premises in the 
dry form. This material amounts to about 4 percent 
by weight of the cane ground. 

The operation of cane laundries is common only in 
those areas which practice mechanical harvesting and 
loading of their sugar cane. Most sugar factories in 
the world do not find such laundries necessary because 
their cane is manually harvested and loaded. Where 
such laundries are operated, the amount of water em- 
ployed and the extent to which these units are operated 
on a continuous basis depend largely on the availability 
of an impounding area into which the waste water can 
be discharged. 


Factories can be operated on a very limited water 
supply if circumstances so require. There is a factory 
in the West Indies, for example, located in an area 
where rainfall is virtually nonexistent during the grind- 
ing period of some 5 months, and where tiiere is no 
locally available ground or surface water of satis factory 
quality. This factory is forced to operate on a total sup. 
ply of approximately 1 million gallons of water which is 
available in cisterns at the time that the factory com- 
mences operation. In the course of processing sugar 
cane into sugar, the juice extracted from the cane aver- 
ages about 80 percent by weight of the cane ground, 
Wlien this juice is concentralcd in mullipIe-elTect 
evaporators, about 75 percent of its total weight is re- 
moved as water of condensation. That is, about 60 
percent by weight of the cane ground may he recovered 
in the factory daily by condensation of the u’atcr evapo- 
rated from the cane juices. With proper care and op- 
eration, this water can be conserved and aliould be 
adequate to sustain the operation of tlio ]}lnnt for 
protracted periods, assuming that the condensoi's arc 
operated on a closed circuit by means of n cooling 
tower or cooling pond. 

The figures which are cited in table 1 apply to con- 
ditions as they prevail in the Louisiana sugar industry 
at this time. They are by way of illustration only and 
are not necessarily applicable to all facloric.s. They 
])rovide a basis on wliich the order of mngnitude of the 
problem can be judged. Of the wastes listed, by far 
the most serious from the point of view of water pollu- 
tion is that resulting from the cane laundering or Avash- 
ing operation. The nature of this waste is indicated by 
the data which follow. 


Tahle I, Volume and ckaracler of wastes from raw cane sugar production, Louisiana 


(2,400 tons cane cJnlly capacity) 


Kind of waste 

AvomRc flow 
rate (epin) 

5 day R.O.D. nvcrnRC (mnn) 

'I'nln! Unlly 
n.O.n. lonii (lbs) 

Cane wash water. 

1. 000 
' too 
10 
60 
5,000 

080 

878 

NaOh, NaG'l & HC! 

10 

00 

8, 167 
‘163 

Moor washings -t- boiler blowdown 

Excess condensate 

Condenser water' 

G 

4, 138 


A\crage per ton daily canaoitv 

‘ Assumes once through operation 

0, 100 


12, 76d 
5. 31 
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r'rtfi« Wash Water 

Cane washing operations require very large vol- 
umes of water. Plants use from a minimum of 500 to 
i maximum of 5,000 gallons of water per minute in 
his operation. The water carries in suspension large 
imounts of soil which have been removed from the 
ane, together with some fibrous material and a con- 
;iderable amount of dissolved soluble organic and 
norganic materials. A figure of 2,900 parts per mil- 
ion total solids in cane wash water is normal for a 
)lant operating under average conditions. 


Tabi.b 2 . — Composition of cane wash water 
(ppm) 



2000 


2104 


1722 



The water from the plant is screened to remove 
oarse, fibrous materials which are either sent back 
0 the milling operation or removed in solid form. The 
creened waste water is then sent to a detention basin 
diere additional coarse material (sand, etc.) settles 
lUt. Much of the material in suspension is colloidal 
clay particles) which settles with difficulty. Because 
f the presence of large amounts of organic com- 
ounds, some of which act as protective colloids, this 
I'nter is difficult to clarify with ordinary flocculating 
gents. Usually about half of the total solids can be 
Bttled out in the detention basins, The remainder 
f the material either remains in suspension or in solu- 
!on for subsequent destruction or removal in the im- 
minding basins, 

Since most of the material dissolved in the water is 
rganic and principally sugar, its I3.0.D. value is 
uite high, ranging from a minimum of about 300 to n 
laximum of about 1,000 ppm. Variations result from 
le relative volumes of water used, the damage which 
le cane has sulTered in the mechanical harvesting and 
lading operations, and similar practices. Water from 
lis operation constitutes the most serious pollulionol 
lad in raw cane sugar manufacture. 

loop WashinfiH and Holier Hloivdoivn 

In the operation of the cane sugar factory there is 

very considerable volume of floor washings, par- 
cularly from the area around the milling plant, 
'ther sections of the factory are also washed fre- 
uenlly and this waste material is added to the load, 
pills occur in the operation of plants from time to 


time and this material is normally washed down the 
sewer. 

The boilers in the plant are usually operated on 
condensate but occasionally with some raw water. The 
general practice is to. treat boiler water internally, 
using caustic soda, phosphates, an organic dispersion, 
and sulphites to scavenge traces of dissolved oxygen. 
Boiler blowdown varies from 5 to 10 percent' of the 
volume of the feed. This material may be relatively 
high in contaminants though not so high in B.O.D. 

The flow rates of these combined wastes are quite 
variable. The boiler blowdown is usually intermit- 
tent but of relatively constant total volume during con- 
tinued operation of the plant. Occasionally, when con- 
densate becomes contaminated with sugar through 
entrainment, boiler blowdown rates may be increased 
very suhstaiUially to eliminate the contaminated water, 
or the boilers may be completely emptied. On weekly 
shutdowns it is common practice to flush the boilers 
completely and at that time the total volume of water 
from the boiler station increases but the concentration 
of dissolved solids in the material diminishes. 

Floor washings likewise vary widely in composition 
and in volume. The most serious loads occur on week- 
end shutdowns when the plant is given a very thorough 
cleaning. At that time, too, some equipment is emptied 
and the volume and concentration of washings may in- 
crease greatly. When spills occur there are likewise 
very wide fluctuations in the volume and concentration 
of washings. Usually an effort is made .to dilute the 
washings to reduce concentration. 

Soda and Acid Wnsten 

Periodically, sugar factories must clean their heat 
exchanger equipment because of fouling of heating 
surfaces by scale deposits. Conventionally, this is done 
at weekly intervals although some factories may run 
ns long as 3 weeks between cleaning periods. The 
usual method of cleaning is first to rinse the equip- 
ment with water to remove adhering films of sugar 
solution, and then to boil the equipment with a caustic 
soda solution for about 6 hours. The caustic soda solu- 
tions are ordinarily reused from one cleaning to the 
next. After each cleaning the material is returned to 
a storage tank, reinforced with additional caustic soda, 
and the sludge from the bottom of the tank discharged 
to waste. ■ 

Following the cleaning with caustic soda and the 
draining of the solution, the equipment must be rinsed 
with water to remove the last traces of soda solution. 
This wash water goes to waste, 
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Tlie secoiul stage of cieaniiig involves boiling out 
the etjuipiuenl witli a dilute hydrochloric acid solu- 
tion. Thes<; solutions are coiivcntionally about 0.5 pH. 
’riie acid is usually inhibited with an organic inhibitor 
to reduce attack on the steel equipment. The boil- 
ing period is usually about 1 hour to 1^2 hours, llie 
spent acid solution is discharged from the equipment 
to waste. Following this operation the equipment is 
flushed with water to remove the lost traces of acid 
residue. This material also goes to waste. Because 
of the difficulties wliich have been caused by the dis- 
charge of these soda and acid residues to public water- 
courses, the industry has long followed the practice of 
impounding them. They normally total about 100,000 
gallons weekly during the operating period. All of 
this waste is usually discharged in a period of about 
12 hours. The flow rale shown in table 1 was obtained 
by dividing the total weekly discharge to get the dis- 
charge rate in terms of gallons per minute. While this 
waste contains some organic material, it is principally 
inorganic in nature and creates a jiollution problem 
because of its inorganic constituents rather than be- 
cause of its B.O.D. content. 

Exccm8 ContloninUo 

When a sugar factory is operating normally the 
volume of condensate produced is move tlian sufficient 
for the process requirements of the plant. These in- 
clude boiler feed water, maceration water, water for 
the dilution of molasses whicli is to be recycled, and 
water for the washing of sugar during the centrifug- 
ing operation. Occasionally the excess condensate is 
used for floor-washing operations. Even with this 
utilization of condensate there is usually more of it 
produced than can be utilized. This excess Is dis- 
charged as waste. When condensate is contaminated 
with sugar because of entrainment or carryover of sol- 
ids with the vapor being condensed in evaporating 
equipment, it must be sent to waste since it is iheu un- 
suitable for boiler feed purposes. The total amount 
of condensate wasted is variable and is, therefore, not 
g uniform source of pollution load. Under ordinary 
conditions the condensate is virtually pure water with 
relatively little dissolved solids and practically no 
B.O.p. The dissolved material is principally organic 
in nature and frequently acidic in reaction. When 
contaminated, the B.O.D. conleiit of this material may 
reach 300 to 400 ppm. Becausfe the material is hot, 
its dissolved oxygen content is quite low which aggra- 
vates the pollution situation. 
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Factories normally run periodic checks on all con- 
densate streams to determine whether contamination 
with sugar has occurred. This is done not only to 
check potential losses, but also as a matter of safety, 
since most of this water goes to boiler feed purposes. 

4'ottdenner Water 

Wherever possible, factories operate on a “once 
through” system as regards condenser cooling water. 
Most factories are located adajeent to streams, lakes, 
or other water bodies from which an adequate supply 
of cooling water can be drawn. This water is pumped 
through barometric-type condensers where it picks up 
the latent heal of vaporization from the operation of 
evaporators and vacuum pans, The water leaving the 
condensers normally has a temperature of 110° to 130° 
F. ft is relatively low in dissolved oxygen since it has 
been subjected to an absolute pressure of about 4 to 6 
inches of mercury. 

The volume of condenser water required for factory 
operation is dejjendent on the temperature difference 
between the inlet and outlet water and the weight of 
vapor to be condensed per unit time. The lower the 
water inlet temperature, with a relatively fixed exit tem- 
perature, the lower the volume of water required by 
the condensers. Where the temperature of the enter- 
ing water is relatively liigh, as is the case witli spray 
ponds or cooling lowers, the amount of water which 
must be cireulnled in the system increases several fold. 
When water is recirculated it eventually becomes con- 
taminated with orgiinio materials because of entrain- 
ment. The water lost by evaporation in the cooling 
pond or tower is more than offset by the amount of 
vapors condensed. In such cases there is a continuous 
ihoiigli relatively small overflow of water from the cool- 
ing system. Tills water normally goes to waste. In 
the data cited it has been assumed that the factory was 
operating on the “once through” system which is the 
more common arrangement under conditions such as 
exist in Louisiana. (Sec Figure 9.) 

Condenser water in a properly operating factory will 
have a relatively low B.O.D. There should be little or 
no increase in B.O.D, through tlie system. Unfortu- 
nately, because of defective entrainment separators, 
operation of equipment at rates beyond design, and 
faulty operation, the entrainment of substantial 
amounts of sugar in condenser water is the rule rather 
than the exception in the industry ns a whole. The 
values shown in table 1 are an average of several hun- 
dred determinations made over several years and cov- 




I’itfure 0. — PHi'.shall fhiiiu' iitul foi* lueiisui-iiin 

flows, such (lain in cdicioni wulcr iiuuiaKe- 

mcnl m a cano-suKai- faclory. 


oring H.O.l), values on condenser 

water ranged from as low as 2 |)[)m to us high as OOO 
ppm for those systems in which heavy ciUralnnienl 
losses were occurring. Eighly'f)ne percent of all of llic 
values (hjlenniiuid wer(! less than ,100 jJinri. 

The H.O.l). load from condenser water is (piile 
variable and is largely <lepend(!nt on faclory operating 
coiulilions. When the faclory slalT observe dne pre- 
cautions and equipment is well inainluiiKul, H.O.l). load 
from ibis souree eaii lx; bold to a negligible value. 
One of the diiriculli(!«, liowever, is that e(iuipmenl 
whieb ojierales quite well with pracli(!ally uo eiilrain* 
nienl lo.sses may, througli moiiumlary iiegligemuj on the 
part of an operator, or hoiik; cqni])mciil failure, and- 
(lenly entrain very large anit)unls of sugar-bearing 
malerial.s llll•o^ving' sudden and beavy H.O.l). loads on 
the system. Contimions sampling and carcinl allcn- 
lion to tin; coiulition of (Mpiipincnt liav(‘ nuule piissiblc 
very subslanlinl rediu;lit)ns in loase.s from this source. 

In studies carried out in Louisiana over a period of 
several years, sugar lossiis of stwtu'al pm- day have 


been found in faclorics where defective entrainment 
separators or poor opei'atioii liave resulted in heavy 
contamination of condenser water supj)]ies. 

Condensers in llie fac!t)ry are used on three types of 
equipment. In the operation of rotary vacuum fillers, 
a barometric-type condenser is interposed between the 
filtrate receivers and the vaccuin pump. Because juices 
foam readily and leakage into the system is not un- 
common, there are frequent occasions when consider- 
able quantities of sugar are lost at this station because 
of an airlift effect which carries slugs of filtrate into the 
condenser even tliough it may be as much as .SO feel 
above tlie filtrate receivers. 

In tlie operation of miilti])le-elTect evaporators, the 
vapors from the la.sl body in the system are discharged 
to a l)aromclric-ly[)e condenser. Here entrainment 
may be substantial because of high velocities or defec- 
tive enlvuinmcnt separators. Vapors from the other 
bodies in the system are discharged into the heating 
sections of llie successive bodies and are there con- 
dcnseil. If any erUrainmeiiL occurs in these vessels it 
will show up as coulaininalion in the condensate which 
is nse<l in the process. 

In the operation of the vacuum pans, individual con- 
(hmsm s may be used on each vacuum pan or n single 
condenser may serve several. Here the dangers of 
enlraiiimenl arc not usually so great ns in the operation 
of evaporators. If 0 |>eraU)rs do not fill equiiiment be- 
yond lh«! pro|)cr control level and are careful in op- 
(ualimi there should he little or no danger of entrain- 
ment. Dnforlunalely, fhictuations in the water pressure 
available to the coudensers, the steam pressure avail- 
able to the limUing section of tlie vacuum pan, and 
other operating variables sometimes cause slight fluc- 
lualious in the absolute pressure in the vacuum pans. 
Under such conditions il is po.ssihle to have “nashing” 
with momentary carry-over of sugar into the con- 
ilensulc, or cnlrainmcnl, Losses can he substantial be- 
cause of llu! high density of the material in the vessel, 
and its foaming tendency, especially during the 
preliminary slag(5S of the crystallization operation. 


Pollutional Effects 


Wastes from sugar factories, following laundering 
operations, are principally in the form of floor wash- 
ings which contain limited amounts of lubricating oils 
and greases. These are carried in the floor sweepings 
particularly from the milling operation. Suspended 
solids in the waste may be relatively high. These de- 
posit and cause blockage of drainage ditches, filling of 
detention basins, plus delayed pollutional effecls be- 
cause of the slow decomposition of such settled mate- 
rials on the bottom of ditches, streams, and lagoons. 
Waste materials from the heat exchanger and cleaning 
operations may be acid, alkaline, or neutral, depend- 
ing upon conditions existing at the moment. Usntilly 
they are damaging because of their high salt content, 
plus their content of other dissolved inorganic salts 
which can be toxic to aquatic life. 

Waste water leaving the factory may he relatively 
clear in appearance and offer no visible evidence of 
contamination. In many cases, when temperatures arc 
not excessive, minnows may be able to live in such 
streams for protracted periods, provided the water is 
moving. Usually a period of 2 to 5 days is required 
before biological activity in the water becomes no- 
ticeable. Because of this time lapse no jiollulional ef- 
fects may be noted in the vicinity of the factory, hut 
will appear miles downstream from the factory area. 
It is diflicult at times for non-tccimical personnel to 
comprehend how the obvious pollutional effects at a 
point downstream from the plant are related to fac- 
tory operations. 


The noticeable effects include development of ob- 
noxious odors because of anaerobic conditions usually 
prevalent in the contaminated stream, lake, or im- 
jiounding basin. Contaminated waters will eventually 
turn black because of precipitation of iron by hydrogen 
sulfide as the stabilization proceeds. The odor prob- 
lem ill connection witli .stabilization lagoons is serious, 
particularly when such lagoons are near inhabited 
areas. Fish mortality in polluted streams occurs rela- 
tively quickly and well in advance of the development 
of odors and the blackened condition of the water. 

In the impounding basins or lagoons as many as 150 
days are required for complete staliilization of mixed 
factory wastes under conditions such as exist in Louisi- 
ana during tlie winter and .spring montlis. In tropical 
areas where prevailing Icmjiernture conditions are 
more favorable, stabilization usually occurs in about 
.HO days. (See Figure 10.) The rale of B.O.D. reduc- 
tion is very rapid at finsl. It is ]) 0 S 8 il)le to arrive at a 
total n.0.0. value of almut HO to 60 ppm williin 5 to 7 
(lays after the material has ))ccn slonnl in n detention 
basin. Solids whi(;ii selllo out of (mne wash water im- 
pounded without preliminary settling often adversely 
affect the slahillzalion of this material. This is due 
to a gradual release of H.O.D. from this material over 
a period of scvonil months, ll is highly desirable that 
any material which is sent lo liasins for stabilization 
he ns free ns possihh^ from suspended malorinl ])rior 
to Ingooning. 



Remedial Measures 


Careful altention lo all plins(!S of factory operation is 
the fii'st essential in the (lonlrol of the pollution load 
discharged from a factory. 'I'liis involves a continuous 
check of all streams for sugar content and for their 
chemical oxygen demand. 'I'he use of H.O.I). delerini- 
nations as a roulim; eonlrol measmxi is not feasihle be- 
cause of the delay required for this determination. 

With careful attention lo factory ojaualions and con- 
tinuous clie(dc on waste water streams, the IhO.I). load 
from comlenscr water and excess condensate (um be 
niinimi/ed. The load due to floor wa.shings, l)oilor 
blowdown, and parlii:nlariy cam^ wash walm-, nMpnres 
irealmont or other measuixis for its reduction. 

C'fine Wanh Water 

The major polliilional load in factory operalion is 
from the water leaving the i!an(‘-\vashing j)lant. The 
waste from this plant etui h(! r«!(lue(Ml in polliilional 
characteristics by improvements in harvesting ami load- 
ing j)roeediu'cs. Such improvements should result in 
smaller quantities of cxlrmioous materials in the eanc 
deliveries, in addition, any improvements which re- 
duce the nnumnt. of damage sulTered by the cane in the 
ineehnnieal harvesting oiieralion will also reduce the 
polliilional load, since it will sulwlantiully reduce the 
nmount of juice wliieh exudes from the damaged cane. 

Measures wliieli have received study and experi- 
mentation in an effort to reduce the volume of wastes 
from cane washing have iiudiided partial Settling and 
rouse of wash water. I’nrlieularly where factory loca- 
tion limits the volume of cane wash water waste which 
it can imimund, it has been necessary lo redinre the to- 
tal amount of water used in the operation. Ry recov- 
ering the wash water, running it ihrongh a settling lank 
and removing the miarse, suspeiuled maleimd, lids same 
water eon he reused at least onee in connection with the 
washing opernlinn. It should he noted that the ef- 
ficiency of the washing operation depends largely on 
the volume of water jinssed through the eanc. Jho 
larger this volume the more clTeclive normally is the 
removal of foreign materials, inirlicularly soil. Fhe 
procedure followed involves recovery of the wash wa- 
ter, partial settling, and reuse of this wash water in the 
initial washing stage. All fresh water used in the op- 
eration is added subsequent lo llio addition of the once- 
used material. Thus, the dirty water from the recycle 
operalion serves lo carry out some of the suspended 
matter and is ilsclf removed by the fresh water enter- 
ing the system. 


Figure 11 illustrates the general procedure employed. 
With such a system it is possible to reduce the total 
volume of water used for llie wasliing operation by 
about 50 percent. This does not, of course, reduce tlie 
B.O.D. load from this operation but, rather, produces a 
more concentrated waste material. Referring to the 
.sketch it will be noted that the cane is loaded onto an 
apron-type conveyor which moves it from the cane 
storage area into the factory. Above the belt-type con- 
veyor are located spray nozzles through which water 
can he sprayed on the slowly moving mat of cane. Tlie 
location of sprays along the cane carrier is limited by 
tlie location of the revolving cane knives which are 
used to disintegrate the cane and reduce its volume. 
Since the cut cane cannot be washed because of exces- 
sive loss of sugar juices, any washing must precede the 
cane knives, with allowance of sufficient time to 
jierinit wasli ivater to drain from the cane before it is 
knifed. 

A centrifugal pump of adequate size and capacity 
(licks up water from the warm condenser water canal 
and pumps it to the sprays above the cane carrier and 
nearest the cane knives. This is relatively clean water 
and serves to remove any soil or dirty water added by 
tlie preceding set of sprays. Because of the limited size 
of impounding lagoons tlie amount of water employed 
is usually of the order of 500 to 700 gpm. This water 
readily passes llirough the mot of cane and drains 
from the liottom of the conveyor into a steel or con- 
crete trough. A strainer at the discharge end prevents 
coarse particles of leaves and cane from getting into the 
sand trap and causing difficulty. The entire discharge 
is jiassed lo the sand trap where the coarse solids settle 
out and the partially clarified liquid overflows a cir- 
cular weir and discharges into the sump of a vertical- 
type centrifugal pump. From here this water is 
pumped back to the first set of sprays where it serves 
to wet the cane coming into the system and to remove 
at least the major portion of the adherent soil and or- 
ganic material. From time to time the sludge which 
accumulates in the bottom of the sand trap must be 
removed and pumped to a detention basin. The once- 
used water which is circulated through the second set 
of sprays passes through the mat of cane, removes the 
major portion of the fine material, and is in turn col- 
lected in a trough below the carrier and from there 
picked up and pumped to a settling basin. A choke- 
less-type centrifugal pump is used in this operation. 
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WARM WATER FROM 
BAROMETRIC CONDENSOR 
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Figure 11. — Cane washing system providing reuse of water. 


Tlie use of a seltling basin is essential to llie success- 
ful oiiernlion of llio caue-wasliing plant. The settleable 
soiirls form a relatively large percentage of ihe total 
solids in the waste water. If this water is dischargetl 
into a long and l allier narrow pond, whieh can be ap- 
proximately dO feet wide and Ifd) feet long, there will 
be ample lime for most of the settleable solids to 
deposit. The »)vcrllow from this pond can go to the 
detention basin for slal)ilizati<)n of {he waste material. 
Usually the settling hasin and the detention pond are 
arranged so that only one pump is needed. This is 
the j)ump whieh removes the material from the cane- 
washing plant to the settling liasin. From that point, 
flow is by gravity. (Corrosion and erosion ])rol>lems in 
luuulling this material make it desiral)!e to have as 
little mechanical e(|ui])mcnl in this system as possible. 
Use of a long and narrow seltling l)asin makes easy tlie 
removal of tlie seUled solid.s with a conventional drag- 
line and bu(;k(!l annngement. Since the total amount 
of solids removed in the (ioursc of a 12-week grinding 
season may amouiiL to sev{!ral thoiisunds tons, the im- 
portance of easy removal of lids material will be self- 
evident. (See Figure 12. 1 

Pilot .studies of the slahiliznlion ])rocc.8S at the Louisi- 
ana Stale Univtirsily have indicated that most cITcclivc 
use can lie made of the process involved hy dividing tlie 
available space into three distinct areas. These areas 
can be separated by retaining walls. The division of 
the stabilization jiond into three areas jicnnils intro- 
duction of fresh wastes into the first area where it en- 
counters waste which is already in process of active 



Figure 12. — Heniovid of solids from a preliminary 
seltling basin for waste waters from a .sugar faelory. 


digestion hy nncro-organi.sms. Here the very substan- 
tial reduction of B.O.D. occurs at a relatively rapid 
rate. When the total B.O.D. has dropped to 100 or 
less, the rate of stabilization diminishes greatly. The 
initial rapid stabilization ref|uires about 3 days so 
that the first area in the detention liasin should provide 
for storage of 3-days’ waste water production. (See 
Figure 13.) The second and third areas can divide the 
remaining space equally. 

In the second area, the stabilization process con- 
tinues at a reduced rale, The effluent from this area 
should be around 00 to 70 ppm B.O.D. Tliis material 
passes to the third area from which it may be even- 
tually discliarged with a B.O.D. value of between 50 
and 00 |>pm. 

Aeration during the initial stages speeds up the 
stabilization process. From incomplete pilot studies on 
the cfTects of aeration it appears that the rale of stabili- 
zation can he greatly increased. This, in turn, will per- 
mit either a smaller detention basin or use of larger 
nmoimts of wash water in tlie cane laundry. 

When the cane wash water is not settled in advance 
of its arrival in the detention hosiiis, the settleable sol- 
ids deposit on the bottom of these basins and retard 
the rale of slabiliznlion. This material include.^ con- 
siderahic suspended organic materials which arc en- 
trapped hy the settled solids. These organic materials 
decompose slowly and maintain a fairly liigh B.O.D. 
level in the ponds over long periods of time. With 
prcsellling, lliis situation can be avoided. By arrang- 
ing the preiiminnry settling basin at a level above the 



Figure 1.3. — Waste water from cane sugar factory eiiler- 
■iig first of a lliree-basin waste stabilization system. 


flelenlion basin, it is possible to drain the settled solids 
to a point wbere they can be removed and hauled 
a^vay in conventional dump trucks. 

rioor W nnhinuH and BoUer Rlou down 

Because the concentration and volume of this class 
of waste material fluctuate so widely, and because these 
are concentrated wastes, factories have developed the 
practice of impounding them to permit stabilization 
prior to discharge to public waters. The total volume 
of such ivastes accumulated during a normal TS-day 
gnntlmg season is not excessive and, when evaporation 
aiKl sta ni.xat.on effects are considered, their impound- 
...ent sltould not present a serions problem. Such 
bas.ns ordmarily incinde a separate section where cn- 
apped od and grease can be removed by skimming. 
'S-F, gore 14,1 H the (actory is also washing eatm, 
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iiition for scvrrni <-l»^;Miiii}'s. 'Hie usual jmirlic-<* is lo 
detcnnino llio loliil aclivc, alkali in llir. solnlioM fallow- 
ii,tr a cloHniii;- in-iiod and llini add siilIiriiMil now 
reagoiil lo loslun' il lit tlm dcsiiaal slich,‘‘lh prior lo iho 
next clcaiiinji' period, il is dcsiiaMi'. when ihis pra«’- 
licc is followod. Ill di'aiii li'om ilir <'aiisllr soda sluni}'»! 
tank u poi'lioii of llir srllliiij!,s wliicit di'fmsil in jhc* ImiI- 
toni ns fairly cotirrnlralcd nialcrial, Il slioidd lie dis- 
chni’fjia! ihroiifd' a scparalc impntiiidini; hasin hj-ranso 
of llu! advrrsc cllocl ot llir sodium ion on soils, and 
other (lillhaillii-s. if rrlrasrd in llir .irdinary disrlmrjm 
dinnmilH. 

Tlio washiii;; of llir npiipnirnl followin'' IrralnirnI 
with soda (am also lir a sonrrr o| roiilaniiiialioii and 
Irotihla. iiy prn|iri' alirnlion to llir Inslailatioii of 
drain liars and |iro\isinii of adr<[iiMlr limr for rrinoval 
of nil raiislir from lln- ri[niptiiriil prior In llir wasliinjii 
willi wnirr, lla^ rotirriil t al ion of r-aiislir in Mirli wasli 
wnha's ran hr mintini/rd. 

Most plaiils nsr liydi'nrldoi ir arid for tfir arid-riran- 
ini' ()|i(‘]'alioiu In soiiii' plants and arras, siilfainir arid 
has ia!<!ii suhsliliitrd for li\ drorlilnrir hmiiisr of ||ii> 
onso of liaiidliii)! l)ti‘ dry powder in rompuristMi lo ilir 
(liflldilllii^s allriidaiil on the nsr of a rorroslvr Ihpiid. 
In dillioi' rasr ihr spriil arid snltiti<ins mnsi hr dis- 
C(inl(!(l iiflor rlriiliiii/^ hrraiisr of ihr dillindlirs in sior- 
iiif; ililiilr arid Holiilimis, This mairrial. loo. miisi 
iiovilUllly 111* disrhai’prd In a srparair drirnlion hasin. 
iisiiiilly llir suiiir hasin in wliirh ihr i aiisiir uasirs have 
1)111)11 iinpoiiiidrd. Siiirr llir lohil piodiirlioii is rrla- 
lively sniall, ils slonijn' in a srpaiair drirnlion hasin 
oITiii'K no sri'ioiis prohlrin, WMiric planis Inivr no larpr 
hollies of water into wliirli Ilirsr malrrials ran hr dis- 
rlini'Krd willtoiil raiisiiij* dilliriill ics, i| js iii'rrssai) h* 
pi'ovida a mnall slmaj/r area wiiirli ran hr nsrd from 
one season to (hr nevl. 'I'lir Inlal pi udiirlion of lids 
iti(tl(*rial in (hr nnirsr ol a normal srason’s opi-ralioii 
will |iidl)iih!y not rxi'erd III acre fri'l, or almnt 
million fialhnis. in a wrll-opnalrd farlmy. 

Hxi'VHH VotnlonMafv 

C-oiu!(‘iisale disposal dors nol prcsmil a prohlrin i*x- 
eepl ill fartiii'irs wlih-h arr havinp dilli* wily hr«-ausr of 
leaking ri|tiipinriif or srvnr riiti aimiirnl losses in 
evaimralors. I‘r<i|iri' rare and siipri\ision in llie up- 
eintion of hrat r.vrliaiigr ri|iiipiiirnl ran rrdnrr nm- 
Imniiialinii in roiidrnsair lo a poini wliri'r il ran hr ills- 
charged In walt*rrmiisrs willioiil dillirulty. 

In arras wlii‘ri‘ ilir supply of walri' at llie furlury is 
Hiaited, llir prartirr of disrliarginp r\rrss eondriisalr 


water syslem is followed. The heat load, 
of Ihr Irinprratnre of this water, is the only 
IMdhImn wliirh (ieveh>p.s with lliis practice. 

l.ondrtisale .should not ,, resent a waste disposal 
l''■‘'hlenl. If it dor.s, tin* solntinii lies, not in reducing 
lla- ainouril of .mndrosate, hiit in reducing the sources 
of ronlaiiihmllon which will not only eliminate ihe 
polltilion pnihicm hut also result in substantial savings 
to lilt; farl4»ry. 

4'oiuU‘itHvr 1'ooHiifi IVir^rr 

I'lirInrir.H ns(; large vidumes of cooling water, par- 
lundarly when; ctM)liiig lowers or spray ponds are not 
niiployrd lo rnahie oprralioii with a closed system, 

I his water is used fm' s(;i'vi(*(; in barometric condensers, 

II is also list'd in ihi; cooling of Iiearings on the mills, 
hrarings on rotating i;(|ijipment, and for many other 
similar cooling luirposes, In virtually every use to 
which tin; water is suhjeclial tlmro is a possibility for 
contanihialion with -siigar-tamtaiiiing material. For 
that reason it is imporlnnl that that water be checked 
al regular Intervals for (^oiilaininalion. Where con- 
lamination is due lo leakage lhi.s situation should bo 
correelcd siiua; it tain r(!pn;.s(!iit a substantial loss of 
sugar. I)llit;r .souretw of pollution are principally the 
result «d enlraliimenl in (ioiiiKiclinn with the operation 
of evaporal«ns and vacuum jians. 

In the coursi; of st!v«;ral year.s’ investigation of the 
pidhlcin il was found llial enlrainnient to a greater or 
lesser degr(;e was presenl in practically every operating 
iitdl studied. Sugar liipuir.s lend to foam because of 
traces (d.surfaet; active ag(;iils ju'csenL in the cane juico. 
This lenth'iicy, plu.s oj)(;ralion of equi])mont at rates 
exceeding initial de.sigii, is a froqnont cause for en- 
l|•ainnlent. Tin; (hisign of s(;paralor8 used for eiilrnin- 
nienl removal is frtapjcnlly found deficit;!!!. The prob- 
lem is fuilht;r mnnplicalial by the failure on the part 
of t»penitiug perstuinel to insure that such seiiarating 
e<pM|mi(Mil as is availahli; is k(;pl in first-class coiidilion. 

Tilt; solulitm of the ])rohh;ni involves, first, careful 
sampling and testing of waters from caeh condenser 
at n;gular int(;rvals to delermine whelher entrainment 
is pri'senl nr not. Seeond, it is essential that all sep- 
arainr.s In; given a thorough examination at least 
we«;kly l«» insure lIuU return line.? are open and that the 
sepiiralnr itself is In good niechnnicnl condition. 
Where careful allonlion lo operating conditions and 
the me(;lianica! condition of the equipment iin.s not 
solved the jiroldcm, .separators of a more efficient type 
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sIk.iiM !)(■ iiislaih.'d. Twn ^fiii'ial (ypcsi jir<! avaiial)l«!. 
Tli(‘ ctnih'ifuiiiil-tvpf ?e[)!n'atui' I'an in* j)iii<-!iasefl as a 
i iistoni-lujill jo!) or (•iiii I'c falnicalcd lucally. In this 
unit tlie vapiu's l(;a\ inp^ the pva))orator or vaciiuni pan 
ai'f! "iven a t\vist to imparl cfuilrifiijAal motion wliicli 
I'csulls in llie (“ntrainod li()iior Ix'inp: thrown 1 <j the outer 
ivalls of the vessel and thus launoved from flu* stream 
of esi.'apin" gases. This type of unit is very effective 
Init chjt'.s require alleiitioii to the return line.s to see that 
thev do not l)ecome fouled or closed iieeause of scale 
nr rust from the vessel itself. The use of wire-mesli- 
tvpo demistfM's or separators lias also proved extremely 
satisfactory, particularly in conneclioii willi evaporator 
ojjcrations. These units .should he installed at a dis- 
tance of at least six to eight feet above the upper tuhe 
.sheets of evaporator bodies. They require relatively 
little attention or maintenance. They must be inspected 
periodically for the deposition of incrustations on the 


lower .surface. Wa-shing them pieriodicnlly with a iioso 
will keep the unit in good operating condition. 

When the cooling water used in condensers is rc- 
cvclcd through the system, it frequently becomes con- 
taminated with the products of decoiTi]io.silion of llu; 
.sugar-bearing materials. In such cases, the detection of 
traces of sugar is diflicult, particularly by the 4;oiiven- 
lioiiai alpha-naphthol lest. It has been found that a 
more satisfactory indication of contamination in .sindi 
cases is obtained by using the oxygen consumed by 
permanganate tests (O.C.). In sindi cases samjdcs of 
the water entering the system are analyzed and com- 
pared with samples of water leaving the conden.ser. It 
has frequently been noted that, while the alplm-nuph- 
ihol test was inconclusive, a very dcTinile ineron.so in 
O.C. could be delected and was indicative of entrain- 
ment losses. Losses of .several tons of .sugar per day 
have been found and eliminated by this jn'oeediirc. 


Sampling and Analytical Procedures 


Conlnminatecl water from sugar factory operation 
can he greatly reduced in quantity by liettcr house- 
keeping and a more careful check on processing opera- 
tions. Reduction in losses duo to meciianical, chemi- 
cal, or other reasons can be achieved on the basis of a 
carefully conceived and executed program for sampling 
and analyzing all waste streams from tlie factory. 
Sampling on a conlimious basis is to be recommended 
and preferred over intermittent sampling. Equipment 
which is leaking, or in which entrainment is occurring, 
frequently performs erratically and catch samples may 
fail to show losses which occur from time to time. Con- 
tinuous sampling is much more satisfactory and re- 
liable for this rea.son. 

The standard procedure for checking the samples for 
traces of sugar is the use of an alcoholic solution of 
alpha-naphthol. It has been noted previously lliat tliks 
method is not reliable, particularly when the water is 
being recycled and has become contaminated with de- 


composition products. In such rn.ses llie oxygon (lon- 
siimcd from permanganate lest (O.C.) is to be proforrod. 

When information on a more quantitative Imsis is 
dc.sircd, the use of ammoninm-))ho.sj)honiolyl)clul(; U 
recommended. A description of iliia jirijeedure enn be 
found in most handbooks on sugar nmilysiH, A liluo 
color Is developed in liic 8i>lutii)n whicdi is eonlUTni- 
nated with sugar. The inlon.sity of the color dnpcn(l.s 
iip()n the conconlralion of tin; .sugar. Ry prepniing 
color standards hy using reAned sugar, it i.s possil)l(^ to 
determine approximately lint sugar (nnilent of con- 
tainiiialed walors. Tlio color development is fleeling 
and new standards must In* lucpnrcd at frequenl 
intervals. 

The malnlonance of n factory log or record of nil 
tests is extremely imporlaiU for llu* henefit of ojnnaling 
])er.sonneI and as a means of clnuiking on tin; develttj). 
ment (tf din'icullics from lime to lime. 



"liiry und < ioudnsions 


TIhm'C fii'i' scvrtal smiihts of wiij^Ic wnh'rs Irdviii}' 
cniie sugar fiirhuirs. Of ilirsr slllm•r^. •mly lw«* iwr 
ninjor; ciiiic wiisli wali'r, and llonr waidiiags. Wasir 
u'liter from (aiic wash plaiils is vri y high in ami 

is produced in lat/'r (|iiaiilili('s. Sprcial iuipitiniding 
linsias or Irraliiicnl itirlhods hit rcipiiicd for sinhil- 
iznlion of diis [ypo of \vasl*\ 

Floor washiiijis. Indlrr hinwdowii and soda and arid 
wiislcs aro small in snlinni- hill fairly hijdi In IhO.I). 
This malrrial is iisiudly luindlrd liy di'lriilinn hasins. 

Wairr iisrd in riindriisris may lii'comr ronlaminalrd 
iKicaiiso of didrclivr npiipmi'iil. In siirli rasrs, iirraiiHr 


i>'volve(l, correction of the tlefec* 
V TV indicated and the inauguration of a 

r 5 . ii" ^**'”!ding and testing procedure is needed 

M nil. lal iliei-p ig repeiition of such failures. 

. . r I vvliioh a factory can realize through 

lo its wa.ste streams will more tlinn 
“ ‘out of sii,.}) additional work. This has been 
piLvcd many times by actual plant experience. The 
nil II. iMi ,s uiilHiied constitute practical, economical 
pi Ml I c nil s fill tin. enne .sugar industry to reduce wastes 
«««cl solve pollut ion problems. 
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